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Abstract 

In most work invest igst ing fsctors influencing the success of analogies 
in instruction, an underlying assumption is that atudents have little or 
no knowledge of the target situation (the situation to be explained by 
analogy). It ia intereating to ask what factors influence the success 
of analogies when atudents believe they understand the target situation. 
If ihis understanding is not normative, inatruction must aim at 
conceptual change rether than simply conceptual growth. Through the 
analysis of four case studies of tutoring interviews (two of which 
echieved some noticeable conceptual change and two of which did not) we 
propose a preliminary list of factors important for success in 
overcoming misconceptions vis snalogical reasoning. First, there must 
be a uaable anchoring conception. Second, the analogical connection 
between an anchoring example and the target situation may need to be 
developed explicitly through proceaaes such ss the use of intermediate 
analogies. Third, it may be necesssry to engsge the student in a 
process of analogical reasoning in sn intersctive tesching 
environment, rsther then simply presenting the snslogy in s text or 
lecture. Finally, the result of this process msy need to be the 
student's construction of s new explsnstory model of the tsrget 
situation. 
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Introduction 

Students' prior knowledge hes been increasingly recognized is 
Pl.ying . cruci.l role in le.rning (for . brief review see Re.nick. 
1983). According to this view, prior knowledge determines the meaning, 
derived from instruction, snd tesching which doe. not build on existing 
knowledge snd understanding will f.il to produce meaningful le.rning. 
The use of .n.logy is often viewed .s one of the prim.ry oe.ns of 
dr.wing on students' existing knowledge. By .ctiv.ting relev.nt prior 
knowledge which i. .ire.dy und.r.tood by the le.rn.r, the .n.logy help, 
give meaning to incoming inform.tion (Royer & C.ble, 1975, 1976; M.yer. 
1983s Siaoni, 1964; Stepich & Newby, 1988). 

In . tr.dition.l use of .n.logy in instruction, generelly the 
snslogy 1. presented to the student through . lectura or textbook 
passage, (The situ.tion to be expl.ined by snslogy is died the 
target, an d the better understood sn.logous situ.tion is c.lled the 
base., When the base situ.tion 1. presented, usu.lly point, of 
correspondence .re dr.wn between elements in the b.s. and elements in 
the t.rg.t, unless these point, of correspondence .re con.id.red 
obvious. There .re sever.l ..suction, inherent in such a tr.dition.l 
use of .n.logy which include the following: 

1) The student h.s little knowledge or und.rst.nding of the t.rget 
situation and would welcome . comparison to a more familiar 

si tuat ion . 

2) The base situation is understood by the student. 

0 



3) The student accepts that the analogy is sound, either because he 
recognizes the aptness of the analogy, or because he accepts the 
authority of the teacher or text that the analogy is apt. 

4) The atudent makes (or is helped to make) the correct correspondences 
between the items in the base situation and those in the target 
situation. Thia correspondence is often called the "mapping" 
(Gentner, 1983). 

5) The analogy i. sound, that is, the elements that .re similar (to an 
expert) outweigh in importance the elementa that .re dissimilar. 

6) The student is motiv.ted to .ttend to the comparison. 

7) The outcome of consideration of the analogy is conceptual growth, 
that is, new knowledge .nd under.t.nding of the target where there 
waa little before. 

In this p.per, we would like to examine the use of analogies when 
the student believea that she already understands the target situation, 
yet this "under.t.nding- constitute. . misconception from the expert's 
perspective. A. a result of .uch misconceptions, atudent* may reject 
the aptness of potentially helpful analogies. 

Uaing Analogical Reasoning to Overcome Misconceptions 

Within the past decide there has been an increasing awareness of 
the detrimental effect, (to school learning) of some of students pnor 
knowledge. Students come to class with preconceptions whi,h inhibit the 
acquisition of content knowledge .nd .re often quite resistant to 
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remediation (for reviews o' research on students' alternative 
conceptions, see Driver fir Easley, 1978; Driver fir Erickson, 1983; 
McDermott, 1964; Duit , 1987). Awareness of these preconceptions has 
prompted a number cf instructional research efforts including ours at 
the University of Massachusetts. 

For several years we have been testing an analogical teaching 
strategy which attempts to build on students* existing valid physical 
intuitions. By establishing analogical connections between situations 
students initially view as not analogous, students may be able to 
extend their valid intuitions to initially troublesome target 
situations. This strategy has been used in tutoring, computer 
tutoring, and classroom instruction, with some apparent success 
(Clement & Brown, 1984; Brown, 1987; Brown & Clement, 1987b; Clement, 
et al, 1987; Murray, Schultz, Brown & Clement, in press ) . In this 
paper, we examine four case studies of students tutored with this 
strategy. Based on an an* lysis of the case studies we propose a 
preliminary list of factors important for conceptual change via 
analogical reasoning. The strategy is described below. 

Bridging Strategy 

The first step in the bridging strategy is to make the 
misconception explicit by means of a target question. For example, a 
question which draws out a misconception for a majority of introductory 
physics students concerns the existence of an upward force on a book 
resting on a table. Students typically view the table as passive and 

( 
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unable to exert en upverd force. The next etep is to auggest a case 
which the instructor views as analogous (such as a hand holding up a 
book) which will appeal to the atudent's intuitions. Ve call such a 
aituation *n anchoring example (or, more briefly, an anchor). However, 
avan though the atudant may reason appropriately aboi the anchoring 
example, ahe may at HI be unconvinced of a valid analogy relation to the 
target caae. 

When thia occura the instructor attempts to establish the analogy 
relation. In thia caae the instructor first asks the student to make an 
explicit comparison between the anchor and the target. If the student 
still does not accept the analogy relation, the instructor then attempts 
to find a "bridging analogy" (or series of bridging analogies) 
conceptually intermediate between the target and the anchor. This ca.i 
often be done by transforming the anchor to make it conceptually closer 
to the target. 



Hypothetical Example 



As an example of bridging, consider the following hypothetical 
interaction, illustrated in Figure 1. (Although fictitious, the 
interaction ia not unlike those reported in Brown, 1987.^ The numbers 
in Figure 1 refer to the nodes in the diagram, which represent the 
situations considered by the student. 



1) Book on a table . In response to a question about the forces acting 
on a book at reat on a table, the student indicates that the table is 
not exerting an upward force on the book. (The physicist would say 
that table ia exerting an upward force on the book balancing the 
downward force of gravity). 
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2 > Book on a spring . As a potential analogy, the interviewer asks the 
student to consider the situation of a book resting on a spring. In 
this case the student indicates that the spring would be exerting an 
upward force since the spring is compressed and "wants" to return to 
its original position. However, he rejects the analogy relation to 
the case of the book resting on the table, since the table is rigid 
and doej not need to return to its original position. 

3 > Book on a flexible table . At this point the interviewer introduces 
the situation of a book resting on «J flexible table (e.g. a flexible 
board between two supports). Upon reflection the student accepts 
that thia situation is analogous to the book on the spring aituation, 
since in both situations there ia compression or bending and 
accompanying "desire" to return to an equilibrium poaition. He also 
accepta that the situation of the book on the flexible board is 
analogous to the aituation of the book on the table aince the table 
can be viewed as a thick board which would atill bend, although 
imperceptibly. 

As a result of thia compelling, although not logically airtight, 
"analogical transitivity" (i.e. A ia analogous to B, B ia analogous to 
C, therefore A is analogous to C). the student concludea that the book 
on the table aituation is analogous to the book on the spring situation, 
end that therefore the table is also exerting an upward force. As a 
result of this process of analogical reasoning, the atudent has come to 
believe in the soundness of an analogy relation he had previoualy 
rejected . 



Caae Studiea 



In this paper we examine case studies of four interviews with three 
students involving four different misconceptions in which this bridging 
strategy was employed. Two of these interviews achieved some noticeable 
increase in student understanding, and two did not. Often, 
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interventions which fail to achieve the instructional objectives are as 
illuminating as sessions which achieve the objectives. Set against the 
background of successful attempts, failed attempts can serve to 
highlight those factors important to success. 

Method 

Although these interviews could be called tutoring interviews, the 
students were informed thst the interviewer would take a "devil's 
advorice - stance in order to foster discussion. In this way students 
v*re encouraged to adopt only those ideas that seemed reasonable to 
them, as they would be unsure whether the arguments the interviewer was 
advancing were "correct" or simply made to encourage discussion. Two of 
the three students were high school j iniors currently taking chemistry, 
who had not yet taken physics, and one was a freshman at the University 
of Massachusetts who had not taken physics in high school or college. 
The interviews were conducted by David Brown. 

Case 1 

In this interview, Mark (names used are not the students' real 
names) considered the question of whether a table exerts an upward force 
on a book resting on the table. The following numbered sections 
correspond to the numbered nodes in the diagram in Figure 2. Although 
this interview dealt with the sam* target problem as the hypothetical 
case above, many more potential analogies were introduced and discussed. 
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Some of these are examples of what could be called "sub-bridges," thst 
is, situations which are intermediate between two situations, at least 
one of which is not the original anchor or target. For example, node 5 
is a bridge between two situations neither of which i 8 the originsl 
anchor or target. (Mark was a freshman at the University of 
Massachusetts who had not taken physics in h.gh school or college.) 

1) Book on the table. The target question asked whether a table 
exerts an upward force on a book resting on the table. In response 
to this question, Mark replied (numbers indicate placement in the 
transcript ) : 

042 S: No, it's just, if. just ah, a barrier between the floor and 
the urn, the position the book is at right now. 

2) Books on the hand. Although he said the table would not exert an 
upward force, he indicated he would definitely have to exert a force 
upward in the case of several books resting on his hand. However he 
did not view these situations as analogous (book on the table and 
books on the hand). When asked why he answered differently in the 
two situations, he replied th .t hia arm has muscles. 

3) Book on a spring . The first bridging analogy introduced was that 
of a book resting on a spring (S stands for student I for 
interviewer). ' 

070 S: Ah, the bcok is on the spring snd un,, this spring is .bsorbing. 

•h, the force caused by the mass of the book and e - gravity 

book "Th.^.y 1 ? thlt iPrlnE i8> lh ' " UShin " ' •>» «• 

book. That's just my sense. 

071 I: Uh huh. 

072 S: The spring itself doesn't initiate any movement. 

Mark -PParently views the spring .. . paS sive entity, one that cun 
absorb force but cannot ".nitiate any movement" itself. 

073 X: What's the difference then between the book on the spring and 
the book on the hand? v 
Uh, muscles in the arm 

And the spring doesn't have any musclea? 
Right. The spring is just ah, a piece of metal and it'll 
absorb ah, as much as it can until the point where it's 
completely contracted and then it will probably, ah, not absorb 
more energy. 
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4) Hand on a sp ring. Ths intsrviswsr proposed ■ hind pressing down on 
■ apring «a ■ bridge between the book» on the hand and th>* book on 
ths ■pring* Hark baliavad that ths sprint, would puah up agalnat his 
hand. Howsvsr. ha viawad tha book varaua tha hand on * v e apring as 
not analoi^a. Vhan aakad why, ha rapliedt 

088 S: Ah, becauaa tha forca, ah, osing exerted on the spring oy the 

book ia only tha naaa of tha book and tha gravity. But the ah, 
tha forca of the hand, um, could be all kinc of, is you know, 
your muscles, tha muscles in your hand. 

3) Hand or a book on a apring . At a bridge between the hand on the 
apring and tha book on tha apring, the interviewer euggested e hand 
praaaing down on a book on a apring. Mark aeid the epring would 
definitely be pushing up egeinat tha book in thia cm. When asked 
to compare thia to tha aituation of tha book raeting on the epring, 
ha raapondad: 

106 S: Bacauae now with your hand off of [the book) the, no downward 

preaaura ia really being exerted. Actuelly n^w I see t*e point 
you're trying to asks, it's eh, it'a only che amount of force 
being, pueh being exerted on the epring la varying. It Just 
a asms to me thet thsra'a no force b«*ng exerted on the epring 
when tha book ia on there, the gravity 'a almost invisible, we 
don't «van think about it. But now I realize that it, there is 
no diffsrsncs between the two that you Juat aaked ire. 

6) Booke on e flexible hn.rd. Now th*t Mark believed that the spring 
axarte an upward forca on the book, the interviewer ettempted to 
eatablith tha caee of eev fc *«l booke resting on a flexible board 
between two eupporte aa a bridge between the book on the epring and 
the book on the table. 

7 > Hano__o n a flexible board . Initially, Mark aeid *hat the board 
would be aimply a barrier, but then he generated hie own bridge 
between the earlier aituation of the hand on the epring end the books 
on the flexible boerd. 

123 I: would you eay thet thia board ie pushing up sgainst the books? 

124 S: Ah, no I would eey the boerd is, ah, Just s barrier between the 

booke end the eree underneeth the board. 

125 I: Uh huh. 

126 S: I don't think the, eh, well now, now th*t I think ebout it a 

little more, th, the spring, ah, this board might . ave some of 
the propertiee eimiler to the, ah, epring, because the, eh, if 
you j., eh down on the middle of the, right at the point where 
the books ere located, 

127 I; uh huh. 

128 S: the, it would probab'v come beck up depending on the, whether 

the boerd wee flexible. 

129 I: I'm eesumizig that it is. 
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130 S: Or it coulrt braek if it weren't flexible, but eirce it is, ah, 
I suppose you could eey thet the boerd ie puehing up the books. 

Now thet Mark believed the flexible boerd exerted an upward force on 
the booke, the interviewer aaked him to compare thia aituation with 
the aituation of the book on the table. 

135 S: Uh, the boerd ie flexible end, yeeh I gueaa that's, that'a 

eaeentielly it, the boerd ie flexible end, it, ah, it probably 
isn't diffsrent, urn, I'm starting to reelize how technically it 
probebly ien't different, it juat appeara different. Ah, you 
know, becauae it'e & thin board, it's flexible, end you cen eee 
easier thet it'e, um, the board ie puehing up on the hooka. 
Especially after talking ebout the springs previously and, uh, 
the table ie really, ah, rigid, it doean't appeer flexible even 
though it ia in * .e, ah, you know, in a raelly, really email 
microscopic, ah, aenae. And, ah, ao there probably, 
acientiMcal ly thers probably ia no difference, it's Juat a 
matter of, ah, numbers, you know, tha board ia very flexible 
and the tabla is immessurably , ah, flexible. 



Discussion . Later on in thia interview, Mark indicated that the 
idea of the table exerting an upward forca made "complete aenae." Thua 
there ia aome indication in thia case that the bridging atrategy waa 
succsssful in bringing about conceptual change. 

It la intereating to note several differences between thia use of 
analogy and a more atandard approach, such aa preaenting an analogy in 
a text passage and noting the points of correapondance to the target. 
First, Hark felt he already understood the target aituation, that the 
table was simply a barrier preventing the book from falling to the 
ground, but not exerting a force on the book. Second, aa a result of 
this perceived understsnding , he strongly resisted accepting the 
aptness of seversl proposed snslogies. 

Third, wheress the traditional use of analogy would involve 
presenting the base as an analogous aituation, in thia case the 
interviewer dimply auggested situations without stating that tha 
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aituationa ware analogous. The purpose of tha interview was to engage 
tha atudant Jn a prowess of analogical reasoning, and not simply to 
prsssnt sn analogy. Fourth, the result of the process of analogical 
reasoning was to change rsther then sdd to his existing 
understsnding of ths book on the tsble situstion. Finslly, one could 
s*'gus thst ths /ssult of the process ves thst Msrk came to view the 
table as springy , and not simply ss snslogous to s spring. Ve will 
return to this lsst point lster in the psper ss sn importsnt factor in 
the success of s bridging spprosch. 

Case 2 

In this interview, Tom considered the question of whether the floor 
exerts s force on s ahuffe*' ard pack sliding on the flocr. The 
physicist would ssy thst ths floor exerts s frictionsl force in s 
direction opposite to the puck's motion which slows the puck down. 
Following is s discussion of the nodes in ths disgram in Figure 3. (Tom 
wss s high *.hool junior currently tsking chemistry, but who hsd not yet 
tsksn physics. ) 

1) Sliding shuffleboard puck. In response to the shufflebosrd puck 
question, Msrk replied thst the floor does not exert any force on the 
puck which effects ita horizontal motion. 

2) Intermes hed halrbruehea . The anchor used was that of two 
hairbrushes slightly intermeshed, one clamped to the table end the 
other drawn horizontally ecross it to the right. Tom believed thet 
the lower brush would exert e force to the left on the top brush. 
However, he did not eee this es enelogous to the sliding puck. 

216 S: Because, the, the bottom brush is holding the top brush back, 
eo if one is pushing to the right, the other one, the bottom 
one is pushing to the left. 
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217 I: Uh huh. la this, urn, is this situation different from the puck 

on the floor? 
216 S: (pause) 

219 I: what ara you thinking? 

220 S: Urn, I'm thinking that, yaah it is, be -suss the floor doesn't 

hava, exactly have, uh, bristles like the bottom of a brush 
doss, which srs pushing sgeinst the top brush. The floor is 
fist. 

3) Msgnlfled view of puck end floor . 1 At en intsnnediste eituetion, 
the interviewer esksd Tom to consider e megnifisd view of the puck 
sliding in which both the floor end the lower surfsce of the puck 
would eppeer bumpy. After he reelized thet both the floor end the 
puck would eppeer "hilly snd rough" (his own sponteneous 
description), Tom indiceted thst the interfsce of the bumpy surfaces 
wss "ths same thing" es the hairbrushes. Curiously, however, this 
recognition did not immedistsly lssd to s coTsct answer for the 
eliding puck. 
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in anv rilrtrtlnn? 


S: 


I'm Hflt ail ra it \ t ' a In m r\\f «4 1 rart Inn < » I . t _ _ # * _ _ _ 

buio a. i. 11 ■ in sny uiicciion , us, cause tne floor 






isn't moving. 


239 


I: 


Uh huh. 


240 


S: 


The puck ia. (Pause) I'm not really s are . 


241 


T » 


Is there a force in any particular direction in 2 [the 
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hairbruahes] , on the top bruah? 


S: 


I think if you move the top bruah to the right, it bends the 






bristles. 


243 


I t 


Uh huh. 


244 


S: 


The bristles would push back to the left. 


245 


I: 


Uh huh. 


246 


S: 


And that would be a force to the left. But the floor isn't 


24 7 




moving, but the puck is. 


I: 


n h huh. Vould these bumps [in the magnified view] bend st ell? 


246 


S: 


Tesh, but not ss much ss the bristles on the brush would. 


249 


I: 


So, would they exert aome force in the other direction? 


250 


S: 


Tea, they would. 


251 


I: 


What direction? 


252 


S: 


Opposite that of the puck. 


253 


I: 


So, the puck ia moving to the right, so that would be to the 






left? 


254 


S: 


Tes. 


155 


I: 


Uh huh. Does thst make sense. 


256 


S: 


Mm hmm. 


261 


I: 


Uh huh. Okay, and just real quickly, again, on a scale from 






one to ten, 7'd like you to rate how much sense it makes to you 






that the floor exerts a force on the puck in the direction 






opposite to the puck's motion. 


262 


S: 


Ten... I understand that now. 
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Discussion . There it some indication that Torn changed his 
conception of the target aituation. Whereaa he initially believed that 
the floor did not exert a force on the puck affecting the puck's 
horizontal motion, by the end of the interview it ra ade perfect sense to 
him that the floor would exert a force in a direction opposite to the 
puck's motion. In addition to the points of comparison with the 
traditional use of analogy discussed in case study one, it is again 
interesting to note that the result of the proces. was that Tom viewed 
the puck .nd the floor as bumpy or bristly, .nd not simply . s 
analogoua to hairbrush briatles. 

Unsuccessful A ttem pts at £rld fi lne 

The case studies described above represent relatively successful 
attempts to promote conceptual change by bridging between an anchoring 
example .nd a target aituation by means of one or more analogies. In 
the following two case studies the same strategy was attempted with no 
apparent success. 

Case 3 

In this interview, Dorothy considered a target problem of two 
roller skaters f.clng each other. On. pushes on the chest of the other, 
forcing then. .p.rt. The physicist would say that the two skaters would 
both move backward with equal speeds. The nodes in Figure 4 .re 
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described below. (Dorothy was a high school junior currently ttking 
chemistry who had not yet taken phyaica.) 



1) Skaters . In the target problem, Dorothy indicated that the akate. 
being puahed would move backward faater than the akater doing the 
pushing . 

2) Symmetrical carts . An anchor for her waa the aymmetrical aituation 
of two carta being forcec apcrt by a corapreaaed apring which ia i»ot 
attached to aither cart. Howevar, she did not viaw thia aituation aa 
analogoua to the target problem. When aaked whether thaae aituationa 
were different, *he replied: 

116 St Yeah, becauae urn, A [the akater doing the pushing] would, A ia 
the object that 'a exerting, that's exerting the force, because 
it haa nothing puahing againat it on tha other aide to balance 
the force that it's giving off. Urn, aome of the, aoroe of the 
force pushes it backwards, but the majority of it ia going, ia 
going forwarda. It'a going from one aids to another, mors than 
Juat from between them and out, liks in thia aituation with the 
carta [tha aymmetrical carta with the apring between them]. 

3 ) Spring attached to one cart . Aa a posaible bridge, the interviewer 
introduced a aituation almoat identical to the laat aituation, except 
that in this case the spring ia attached to one of the carta. 
Dorothy felt that thia minor change would deatroy the equality 
present in the symmetrical case. 



120 S: Well, that's more similar to this, I think, to the 

roller sksters situation. 

121 I: What would happen in that caae? 

122 S: Um, A [the cart with ths spring attached] would move forward, 

would move back to the left of it, alao. But B would movr to 
the right faster. 

123 I: Okay. And so, how are theae aituationa different the 

124 S: Uh well, because A is attached to this, this apring which ia 

providing the force, um, more of the force is um, transferred 
onto B. 



O Cart with platform . Aa a posaible bridge between the aymmetric 

carta aituation and the asymmetric carta situation, tha interviewer 
introduced a situation in which the spring waa atill not attached to 
either cart, but after expanaion the spring would drop down on s 
platform attached to one of the carta and be carried along with this 
cart. Apparently Dorothy had not been focusing on the fact that in 
the asymmetric situation the spring Stayed with one of the carts and 
found this attempted bridge unconvincing. 

U6 Sr Um, I don't think, I don't think that would make much of a 

difference, because at that point, any of the force that the 
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spring *aa exerting has been expanded on the two carts, on 
pushing the tvo csrts out, so it's just s weight then. 

147 I: So would they movs spsrt st the same speed or different speeds, 

or. . .? 

148 S: Ths earns spesd, I think. 

Discussion . This esse study provides sn example of what could be 
called a "brittls" or "non-extendable" snchor. Although she believed 
strongly thst ths csrts vould sepsrsts with equsl speeds in the 
sytnetricsl cue, the amall change of attaching the sprang to one of the 
carta aignif icantly altered the aituation for her. No longer was the 
push going from "batwaan them and out," it was now going "from one side 
to another." It ia unclear whether this is s bridgesble chasm since sny 
slight chsngs to the snchor, making it asymmetric snd thus snslogous to 
ths tsrget, might, for Dorothy, mske it unlike the symmetric snchor. 
Ths session endtd with Dorothy still convinced the skaters would move 
spsrt at unaqual apeeda. (See Clement, Brovn, and Zeitsman, 1989, for a 
further diacussion of brittle anchors.) 

Csse 4 

The finsl csse study is particularly interesting in that it appears 
anomalous. Tom (who deslt with friction sbove) here struggled with the 
ides thit s moving cue bsll snd s ststionsry eight bsll would exert 
equsl forces on each other when they collide, believing instesd that the 
cue bsll would exert s grester force. This csse study is snomslous in 
thst even though Tom recognized the snslogy re 1st ion between the anchor 
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and the target, he was unwilling to sccept the iraplicetion of thst 
snslogicsl relation. The nodes in Figure 5 srs described below. 



O Colliding bllllsrd balls. A moving cue bsll strikes s ststionsry 

eight bsll. Which bsll exerts the grester force, or do they exert sn 
equsl force on each other? 

005 S: I think becsuse the cue bsll is moving snd the eight bsll is 

ststionsry, thst it hss, it's going st s fsster rsts, snd when 
It strikes it hss more force. 

2 > Mr - T between rai lroad csrs . An snchor for Tom wss the somewhat 
fanciful aituation of Mr. T (t television sction hero) on the front 
of s rsilrosd cir colliding with snother rsilrosd csr carrying s 
lsrge log. He believed strongly thst Mr. T would feel ths same force 
regsrdless of which rsilrosd csr vss moving snd which wss ststionsry. 
There ensued s 20 minute diacuaaion about the relationship between 
these two situationa (the billiard balla and Mr. T). Some excerpts 
from thia exchange are given below. 

In the first excerpt below, Tom correctly maps the bsse onto the 
tsrget. In this correct mspping, ths moving cue bsll would 
correspond to the moving csr with Mr. T on it, snd the ststionsry 
eight bsll would correspond to the ststionsry log csr. 

S: I'm thinking thst if the log csr were the eight bsll, snd this 
(the moving csr with Mr. T on it) were the cue bsll, thst this 
I the moving csr) would hsve mors force. But if the log csr 
were the eight bsll snd this, the second picture (log csr 
moving «nd Mr. T ststionsry], when it strikes the cue bsll the 
eight bsll would hsve more force. So I'm ssying thst whichever 
one is moving st s fsster rste will hsve the grester force. 
I: So would Mr. T feel something different in these two 

situstions? 
S: No. No, I don't think he would. 

In the following, Tom begins to quaation the mspping becsuse of the 
implications. 

040 I: So would the cue bsll feel « different force than the eight 

ball feela, or would they feel the aame force? 

041 S: The eight bail would feel a greater force because the cue bsll 

is moving. 

042 I: So would Mr. T feel s grester force in number two then? Or 

would he feel the same force? 

043 S: It would be the ime in thia. I don't think that these two 

(Mr. T and billiard ball aituations) are the aame. 

When pressed, Tom sppesrs to move into disequilibrium, unsble to 
reject the mspping * n d uncomfortable with the implication of the 
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■upping (aqual forcn in the billiard bill aituation). 

044 It What ara tbs diffarancaa between thoae two (Mr. T ano billiard 

ball aituitionaj? 

045 S: Wall in tha firat axanpla ha ia lika the cue ball going at the 

aight ball. And in number two (log car moving, Mr. T 
atationaryj ha'a tha aight ball being atruck by the cue ball. 

046 Is Vh nuh. 

047 S: (pauaa) I guaaa maybe it would be the aarae. (pause; 

048 I: What ara you thinking7 

049 S: I'm thinking that in both caaaa, no matter what, no matter 

whether ha'a moving or the log cart ia mo< ing, he'a going to 
gat hit really hard anyway. I atill can't see how that's the 
aama aa tha cue ball example. 

050 I: Can you aay what the differencea are? Whafa different about 

the two axamplea? 

051 S: (Pauae) I'm Juat thinking that whichever object ia moving 

faster ia going to create the moat force. (pause) I'm Just 
kind of lost. 



064 I: So ia thia aituation [Mr. T] different from the billiard ball 

situation? 

065 S: (P*use) Thess two are the aame, number one [Mr. T moving] and 

the billiard ball aituation ia the aame. But this [Mr. T 
atationaryj, thia would be like (draws) if the eight ball la 
moving, it hita tha cue ball. 

066 I: What would be, in thia caae hare, what would happen in that 

aituation that you've Juat drawn, with the eight ball moving 
and tha cue ball (atationaryj? 

067 S: The aight ball would exert a greater force than the cue ball. 

Intereatingly, in what followa Tom regreases momentarily, resolving 
the diaequilibrium by anawering differently for the anchor 
aituation. However, tha anchoring conception ia apparently too 
atrong, and ha realizes that thia ia not a way to reaolve the 
conflict . 



072 I- So would Mr. T feel a greater force in number 2 here [when he 

ia stationer** J? 

073 S: Teah. Now I can., yeah, (pauae) 

074 I: What are you thinking? 

075 S: (pauaa) !•» thinking it doesn't really matter whether he'a 

moving or the log cart ia moving. It's not really going to 
matter what (pauaa) 

Further (failed) attampta to reaolve the conflict. 

085 S: It aeema in thia problem it would be the same - in the Mr. T 

problem - bacauae it doeen't really matter whether he gets hit 
by the log cart or the log cart hita, or if he hita the log 
cart. * 

086 I: Uh huh. 
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087 S: But in this one it . e ema that, in the firat cue ball problem, 

when the cue ball hits the eight ball the eight ball 'a going to 
go flying. • • 

Uh huh. (pauae) What would happen in thia aituation, the Mr. T 
aituation? 

When he hit the log cart the log cart would go backwarda 
Move to the right? 

Yea to the right, .nd if the log cart hit him he would go to 
the left, (pause) 
What are you thinking. 
I don't know, it'a (pauae) 

Are you looking at the billiard ball situation? 
Mm hmm. I'm .till trying to f.gure out why I'm a.ying one thing 
in thia and i'm aaying a different thing in the cue ball 
problem, (pauae) I don't know what to .ay, I'm confused now. 

Mliilrd^ °y\ tY ll i ^ ervleW ' To » " ld th ^ ^e unequal force, in the 
billiard ball aituation .till made perfect .ena. to him (a 10 on a 
scale from 1 to 10), that equal forsea made little .enae to him (a 3 

Mr V T/rV ^ 10> ' " d thBt " nadt per£eCt " n " to h '» ^ 
Mr. T would feel equal forcea in the two aituationa. 

Discussion . It might be assumed that if the student views the 
anchor and the target aa aralogoua, and the anchor ig sufficiently 
atrong (i... intuitively understood), that he will change hi. mind about 
the target. However, although Tom correctly mapped the b.se onto the 
target and realized the implication of this mapping .(equal forces), he 
seemed quite unwilling to accept the conclu.ion of thia analogical 
inference. It i. worth mentioning that in an earlier study, on a 
aimilar problem (. bowling ball atriking a bowling pin), only 51 of the 
atudents an.wered correctly that the bowling ball and pin would tX ert 
equal force, on each other during the collision (Brown & Clement, 
1987a). Thia queation was admini.tered after a full year of traditional 
high school phy.ic. instruction. Thus the billiard ball, problem may 
have been drawing out a particularly deep-.eated miaconception. In this 
light, it is not surprising that Tom made such little progress. 
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This csis is snomslous in thet Tom epperently hid everything 
necssssry for trsnsfsr of undsrs tsnding from the bsse to the target. 
He had ■ strong intuition about the baae, ha correctly mapped the baae 
onto the target, and ha could not aacapa an internal aenae that the 
analogy vaa apt. However, there wee no trenefer. Thia snomslous ceee 
etudy raiaaa tha qusstion, which we diecuea later, of whether e kind of 
analogy ia required which ie more potentielly plsusible to etudenta 
when they heve a deep-eeeted mieconception (Foener, Strike, Hewaon, & 
Gertzog, 1982). 



General Discussion 



In thie paper we have examined ceee etudiee illustrating the use of 
snslogies in tssching to ovsrcome misccncept ions . Ve contrsst the 
bridging strategy to more typicel eituetione in which analogies ere used 
to help etudente gain a grasp of eituetione for which they initielly 
heve little or no knowledge. In the bridging epproech enelogies ere 
ueed to help etudente chenge their exieting, end often deeply rooted, 
preconceptione of terget eituetione (eee Teble 1). In whet follows we 
ettempt to i.olete thoee fectore which are importent to the eucceas of a 
bridging approach in producing conceptuel chenge. 

Ceee etudiee 1 and 2 provide examples of successful interventione 
in which there wee .ooe evidence for conceptuel change. Cese studies 3 
and 4, however, provide examples of the uee of s bridging approach 
which failed to produce sny observable conceptuel chenge. In case 
etudy 3 it eeems cleer why the bridging epproech feiled - the atudent 
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never came to view the anchor and the terget ss enelogoue. Further, it 
would heve perhepa been impoaaible to bring her to euch a reelization 
through bridging if the enchor were brittle, thet ie, uneble to 
tolerate smell chsnges in sttempte to bridge to the terget. 

However, in the fourth ceee etudy it ie more difficult to 
erticulete why the intervention feiled, since the elements neceeeary 
for transfer seemed to be preeent. In order to erticulete the reeeon 
for the i eilure in the fourth ceee etudy, it ie neceeeery to tske s 
closer look et the successful interventione. For the eliding puck and 
book on the table probleme, it sppssrs that both Hark end Tom were 
given more then a imply a demonst r st ion of snslogicsl relstedness, they 
were helped to construct s new explenetory model of the terget. 2 

Given thet the enelogy reletion ie eccepted, whet determines 
whether en enelogy, euch ss the Mr. T example, will laed to an 
explanatory model for the etudent? Ve hypotheeize thet in the 
successful esses, the enchoring example ie ueed ee a 'jeeie for 
developing e model which providee en imegeeble mechanism upereting in 
the terget. For the book on the teble, the explenetory model of the 
teble es springy provides the imegeeble mechanism of defonnetion of e 
springy substsnce causing s resction force. Thie ie feirly eeey to eee 
end feel in the cese of the spring, but in the ceee of the teble, we 
hypothesise thet this imegeeble mechenism must be projected by the 
etudent into the imsge of the teble where the deformetion ie 
unobserveble. If this hsppens the etudent cen see s deformetion end 
reection force es opereting in the teble. 
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for the eliding puck problem, the expl.n.tory model of the puck end 
floor bumpy provide, the lm.ge.bl. «« c h.nl.a of microscopic bumps In 
the floor deforming end providing . re.ctlon f<rce .g.lnst bumps In the 
bottom of the puck. Ag.ln, we hypothe.iz. th.t this mech.nlsm mu st be 
projected by the .tudent into the Im.g. of the puck on the floor, .inc. 
it i. unobserv.ble. Such expl.n.tory model, might .e.m more pl.u.ibl. 
to th. .tudent the* . „mpl. or -expedient- .n.logy, .!„« key elemenl8 
of th. model .re ...n .. op.r.ting in th. t.rg.t. Thu. th. model 
involve, concrete .. „.n .. . tructuril , lmlllrlty ln ^ ^ ^ 
provide. . mech.nl.rn p.rc.iv.d .. T..lly. op.r.ting in th. t.rg.t. 

In contr..t to when he v.. d ..l int wlth frlctlon> ToB „„ 
.pp.r.ntly un.bl. to con.truct . n.w expl.n.tory »od.l of th . blm . rd 
tall. .ltu.tion. Although h. ..».. d th . . ptn ,„ of the BMlol7 to ^ T 
end th. r.ilro.d c.r.. thi. did not provid. him with . „.„ w ,, to thlnk 
.bout th. billl.rd b.U. .ltu.tion. it .imply i m p lled th . t hl . ylew Qf 
un.qu.l force, w.. incorr.ct. Thu.. h. w.. .imply i.ft with . p.r.dox: 
"Why do I think equ.l f or c in thi. .ltu.tion. but not in thi. 
.itu.tion. when 1 cnnot ... how they .„ dlfferent7 . purlng ^ 
interview he f OU n d no w.y of re.olving the conflict .n d ended the 
....ion confu..d. Rec.ntly w. h.v. u ..d . different .ppro.ch in 
cl.s.room l... on . to h.lp .tudent. con.truct .n expl.n.tory model of 
.ltu.tion. like th. billl.rd b.ll.. u.ing . bridging str.t.gy w, 
.tt.mpt to help .tudent. view th. .urf.es of th. billl.rd b.ll. .s 
ccmpr.s.lbl. (Cmp. Cl.».nt. Schultz. 6, Brown. 1988). It i. our 
experience th.t th. id., of .qu.l compre.sion of th. billl.rd b.ll. on 
imp.ct c.n h.lp th. .tudent. „. k e .en., of th. .qu.l forc... 
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Conclusion 



These cast studies provide a rich source for the exploration of 
factors influencing understanding in the tesching experiment. Analysia 
of tha case studies indicstaa a preliminary liat of conditions 
important for the successful use of analogiea in the presence of 
misconceptions. First, a usable anchoring conception muat exist for 
the atudent. Thia anchoring conception ahould invo've an intuitive 
belief which hss the potentiel to be extended throigh processes such ss 
bridging (i.e. the snchoring example muat not ba "brittle"). Second, 
if the atudent does not initislly view the snchor snd tsrget ss 
anslogous, the snelogicsl connection may need to be explicitly 
developed through processes such ss the use of bridging snslogies. 
Third, it may be necessary to sngsge the student in s process of 
snslogicsl ressoning i n sn interactive teaching environment. Simply 
presenting the analogy in a textbook or lecture may not be successful 
in inducing this process. Finally, the use of this strstegy should 
help the student view the tsrget situstion in s new vsy, msking the 
scientificslly sccepted view reesonsble to the student. In order to be 
effective in promoting conceptusi chsnge, snslogies may need to be used 
ss a way of helping the atudent conatruct a new explanatory model of 
the target aituatlon. 
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Notes 



1) It is perhaps more sccursts to csll this situstion ■ microscopic 
model rsthsr thin sn snslogy. However, ths importsnt point here is thst 
this situstion ssrvsd ss sn intsrraedisry betvsen th% snchor snd the 
target. 

2) Hssss (1967) snd Hsrrs (1972) idsntify two typss of scientific 
snaVgus modsls: 1) A modsl which shsres only its sbstrsct form with 
ths target (Hssss cltss hydrsullc modsls of economic system as one 
exupls). Such sn snslogis msy hsppsn to behsvs liks the tsrget esse 
snd thsrsfors provlds s wsy of predicting vhst ths tsrget will do. 
Hsrs we csll this sn "expsdisnt snslogy.'' 2) A model thst hes become 
in Herre'e terms e "csndidste for rssilty," in which e eet of meteriel 
fsstures, lnstssd of only the ebstrect form, is eleo hypothesized to be 
the same In the model end the terget eltuetlon (theee festures ere 
often unobeerveble in the terget et tr time). As en example, consider 
the elestlc pertlcle modsl for gsssss, a which s gss is consi- 1 'red not 
o-'/ to bshsvs liks billisrd bslls bouncing sround, but to sctuslly be 

,y psrtlclss bouncing sround. 

Vs rsfsr to ths lsttsr typs of modsl ss sn sxplsnstory model. 
Thus sn sxplsnstory modsl is s predict ivs snslogy in which elements of 
the modsl srs ssen ss bslng in or opsrstlng in ths tsrget. Although we 
discuss the distinction bstwssn sxpsdlsnt snslogiss snd sxplsnstory 
modsls ss s dichotomy, this distinction is more likelv ■ continuum, 
with some snsloguss clssrly expedient enelogiee, tome cleerly 
explenetory modsls, end eome with cherecter letlce of both. See Clement 
(to eppeer) .or further dlecueelon of theee Ibbubb. 
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Table 1: Comparison of a conditions for using a bridging approach and a 
traditional approach to ualng analogiea 



Traditional approach 

Goal - conceptual growth 

Student haa little or no 
underatanding of target 
situation 

Student understands the 
base altuatlon 



Student accepta that the 
analogy relation Is sound 
(often simply accepting 
the authority of the 
teacher or text) 

Analogy helps structure 
target situation by 
relating it to an already 
understood altuatlon 



Bridging 

Goal - conceptual change 

Student believes nhe understsnds 
the tsrget sltustlon 



Bsse sltustlon (celled sn 
snchor) drsws out s vslld 
physics! Intuition 

Student hss difficulty sccepting 
thst the snslogy relstlon is 
sound 



Tsrget slresdy structured 
in student's mind, but this 
structure needs to be chsnfced. 
Anslogy helps student restructure 
by helping her construct s new 
explsnstory model of the tsrget 
sltustlon . 



Anslogy Is presented (e.g. 
in text or lecture) 



Student is engsged In s process 
of snsloglcsl ressoning (e.g. 
tutoring or clsss discussion) 



Anchor 



Target 



Figure 1 
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Figure 3 



Figure 5 




